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Abstract: This publication relates to increasing the heat uniformity of a build platform of an additive
manufacturing system such as a FFF or FDM printing system. The uniformity is increased by
integrating heat pipes or vapor chambers into the base plate of the platform.

Currently, the majority of manufacturers design their heated build plate systems as shown in the
example of Figure 1. The build plate (1) is typically held onto the base plate (2) by the means of
magnetic force, vacuum or mechanical clamping.

Fig. 1 – Typical arrangement of a heated build platform – build plate (1), base plate (2), heater (3)

The build plate (1) is typically made of glass, carbon fiber, metal, polymers or combination of these
including notably flexible sheet metal build plate with adhesion surface in the form of glued polymer
adhesion sheet or powder coated by polymer layer (i.e. Flexplate).

Sometimes functions of parts 1, 2, 3 might not be separate of each other but integrated into all
possible combinations of the mentioned three.

When trying to evenly heat the build plate (1), a typical problem is that the center of the build plate
(1) is warmer than the edges. This is being fought by several technical means:

1. Heaters with different heating properties in the center and around the edges (Ultimaker S5,
Prusa MK42)
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Fig. 2 – Heat zones of Orballo MK42 clone heated bed (image courtesy of
https://orballoprinting.com/en/home/161-mk42.html)

2. Individual heaters with control circuits, see Prusa XL (https://youtu.be/NhdBLtDVnNc?t=391)
3. Heated print chambers, lowering delta T between the build plate and ambient environment
inside the printer.

Hereinafter, we propose a novel solution how to achieve unparalleled uniformity by the means of
heat-conducting members, e.g. heat pipes and vapor-chamber.

Technical background
Typically, a base plate (2) is manufactured of thick sheet of aluminum. There is a counteracting aim
to use thicker sheet for better thermal uniformity and using thinner sheet (lower heat capacity) for
the lower heat-up and cool-down times. What can be seen in the desktop FFF market is plate
thicknesses ranging from 2 to 10 mm. The thermal conductivity of aluminum is 340 W/mK.
Proposed solution is to incorporate heat-conducting members, which have their thermal
conductivity typically above 3000 W/mK. This increase in thermal conductivity comes together with
much lower heat capacity of such a system. Some basic info can be found here https://en.wikipedia.org/wiki/Heat_pipe.

These heat-conducting members exist in several basic types, with internal capillary structure formed
by:
1.
2.
3.
4.

Mesh
Wig
Grooves
Sintered structures

The exact type of heat-conducting member is not critical to the function of the solution described in
this publication. What is critical to function is to tune the thermal properties of such a heat
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conductive member to work properly within the required range of build plate temperatures (e.g. 60
– 120°C). This can be done by choosing the right internal medium, tuning internal pressure or by
additives to the internal media. A big advantage is also that a huge variety of these heat-conducting
members is available off-the shelf.

Heat pipe solution embodiment examples
In Figure 3 there is a view on the underside of the Base plate (2), where for visibility purposes,
heater (3) has been not shown. A base plate (2) is equipped with milled out slots where heat pipes
(4) are fixed into. Pictured example shows heat pipes (4) to be oval in cross-section, but other shapes
might be used. As for fixation methods, typical possibilities are press-in, soldering/brazing, gluing,
etc. Since these heat pipes are further locked in place by the heater (3), one might also propose to
not fix them in place and just fill in the voids with a thermally conductive medium and use the heater
(3) for fixation.

Fig. 3 – Bottom view (heater (3) omitted for visibility) of example embodiment

In this example 6 oval heat pipes of 8x3 mm are shown, however it will be clear that the number and
dimension of these heat pipes may be different.
Different combination of materials of the base plate (2) and the heat pipes (4) might be defined in
order to tune the thermal properties as well as optimize manufacturing of such an assembly.
Figure 4 pictures some of the examples of heat pipe placements. More analogous configurations
might be conceivable.
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Fig. 4 Parallel configuration (left), Star-like configuration (right)

As we described heat pipe placement from the bottom side of the base plate (2), it is obvious that
these heat pipes (4) might be also placed on the top surface or in a combination of top and bottom
should this be advantageous to the particular design solution and/or system performance.

Vapor chamber embodiment example
This configuration is designed as such, that the base plate (2) is either enhanced or completely
replaced by a vapor chamber (5). The latter mentioned configuration can be seen in Figure 5.

Fig. 5 – Configuration using vapor chamber (5)

In Figure 6 a cross-section of the embodiment from Figure 5 is pictured. Clearly visible is the internal
cavity (6) of the vapor chamber (5). This cavity contains functional parts of the heat-conducting
member, i.e. capillary structure and medium.
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Fig. 6 – Cross-section of the proposed design

Application remarks
1. Current solutions require the heater (3) to be roughly the same size as the base plate (2) in
order to heat up the complete build plate in a reasonably uniform way. Our proposal
potentially allows for using smaller heater(s) which might be placed in the center, but also
off-center or in case of multiple individual heaters in almost any geometric configuration if
required.
2. In this publication only a use case with dedicated heater(s) of the build plate were
presented, however it is to be foreseen that the proposed solution might improve build
plate uniformity in printers without heated build plate, where the build volume is heated
instead.
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